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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MEMORANDUM 2-22-59L

SME STATIC, OSCILLATORY, AND FREE-BODY TESTS OF BLUNT
BODIES AT LOW SUBSONIC SPEEDS

By Jacob H. Lichtenstein, ILewis R. Fisher,
Stanley H. Scher, and George F. lawrence

SUMMARY

Some blunt-body shapes considered sultable for entry into the earth's
atmosphere were tested by both static and oscillatory methods in the
Langley stability tunnel. In addition, free-fall tests of some similar
models were made in the langley 20-foot free-spinning tunnel.

The results of the tests show that increasing the flare of the body
shape increased the dynamic stabllity and that for flat-faced shapes
increasing the corner radius increased the stability. The test data
from the Langley stablility tunnel were used to compute the damping factor
for the models tested in the langley 20-foot free~-spinning tunnel. For
these cases in which the damping factor was low, -1/2 or less, the sta-
bility was critical and sensitive to disturbance. When the damping
factor was about -2, damping was generally obtained.

INTRODUCTION

There is, at present, considerable interest being shown in body
shapes which would be suitable for entry into the earth's atmosphere.
Because of the wide range of conditions through which such a body would
have to operate (for instance, Mach numbers from about 16 to less than 1),
the design of bodies suiltable for entry into the atmosphere has been
complicated by the dearth of information existing for blunt bodies of
low fineness ratio under these conditions. In order to obtaln some idea
of the magnitude of the directional stability and damping of some typi-
cally shaped blunt bodies, static and oscillation tests were made at
low speeds in the Langley stability tunnel. The oscillation tests gave
a measure of the directional stability and the damping in yaw through an
angle~of-attack range from 0° to 12° for 13 basic configurations. The
static tests gave a measure of the lift, drag, and pitching moment. In
addition to the tests, a comparison is made between the estimated behavior



of several of the bodies, based upon a two-degree-of-freedom considera-
tion using the stability derivatives obtained¢ from the stability-tunnel
tests, and the free-fall behavior observed fcr some comparable models
in the Langley 20-foot free-spinning tunnel.

SYMBOLS

The test data from the Langley stability tunnel are presented in
the form of standard coefficients about a pivot pecint indicated for
each model (roughly one-third of the length tack of the nose). The
angular deflections are shown in figure 1. The symbols used are defined
as follows:

A maximum cross-sectional area, sq ft
Cp drag coefficient, s
QA
CL, 1ift coefficient, Liift
QA
c 1ift 1 ! di
-curve slope, —=, per radlan
Ly 7 3
Cn pitching-moment coefficient, Pitching moment
QAd
Cpy
Cmq damping-in-pltch parameter, -—aa
o =
2v
aCm
Cma statlc stability parameter, —, rer radian

Yawing moment

Ch yawing-moment coefficient,
QAd
C damping-in-yaw parameter o
np p Y P ) 3 rd
2v
ac,
an directional stability parameter, —-—=, per radian
cy

LST-T



- Normal force

QA

normal-forece coefficient,

aC

normal-force slope, Sag, per radian

maximum diameter of body without flares, ft

angular frequency, %%, cps

moment of inertia, slug—ft2

model length, ft

mass of body, slugs
. 1 ;2
dynamic pressure, EpV ’ lb/sq ft

pitching velocity, gg, radians/sec
t

yawing velocity, gi, radians/sec
t

pitching-velocity parameter referred to diameter

yawing-velocity parameter referred to diameter

time, sec

free-stream velocity, ft/sec

distance from nose of model measured along longitudinal body

axis, ft

angle of attack, deg

angular displacement of longitudinal axis from a fixed refer-

ence axis

mass density of air, slugs/ft5



'} angle of yaw, radians
w angular velocity, radians/sec
A dot above a symbol denotes the derivative with respect to time;

a double dot denotes a second derivative with respect to time.

MODELS, APPARATUS, AND '’ESTS

LST-1

Models

The models used in the Langley stability tunnel consisted of the
1> basic bodies of revolution shown in figure 2. Several of these were
modified by inclusion of nose rings, skirts, bands, walsts, or fins.
These modifications also are shown in figure 2. Photographs of the
models are shown in figure 3. The pivot cen“er was located at 1/3 of the

model length rearward of the nose (5%3 inchen) for models 1, 2, 3, 4, 5,

6, and 7. The same pivot-point location was used for all the other
models except the cone (model 13); therefore, as the model length varied,
the relative center-of-gravity location changed. For models 11 and 12,

a relative center-of -gravity location of 0.571 also was tried. For the
cone, the pivot point could not be moved any closer to the nose than 0.451
because of space limitations within the mode.l..

The stability-tunnel models were turned from mahogany blocks; the
outside surface was sanded smooth, shellackec, and polished.

The models used in the spin-tunnel test: were made of a thin shell
of fiberglass. Weights were added to give tle indicated center-of-
gravity locations and mass characteristics. Sketches of the models used
in the spin-tunnel tests are shown in figure 4. Models A, C, and
model A with the band which were used in the spin-tunnel tests are the
same shapes as models 11 and 12 and model 11 with the band which were
used in the stability-tunnel tests.

Apparatus

The oscillation and data recording apparatus are shown in figure 5.
The apparatus was mounted on a sting support in the 6- by 6-foot test
section of the Langley stability tunnel. The oscillation apparatus
consisted of a plece of Swedilsh blue spring :teel 1/52 inch thick and
6 inches wide which was held between clamps :o that there was only a .
l/l6-inch gap between the part fixed to the s¢ting and the part fixed
to the model. Thus, the pivot axis was defilred. A pointer attached
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to the back of the model oscillated with 1t just above a graduated pro-
tractor. A 1l6-millimeter movie camera mounted above the tunnel was used
to photograph the motion of this pointer and the face of a stopwatch so
that the period of the oscillation could be determined.

Stops to limit the motion to about +5° were provided to prevent the
flex pivot from being damaged in case instability was encountered.

The static tests used a three-component strain-gage balance which
gave the normal force, axial force, and pltching moment; the strain-
gage balance was mounted on the sting in place of the oscillation
apparatus.

Tests

Both static tests and oscillation-in-yaw tests were made 1in the
Langley stability tunnel. The static tests were made through an angle-
of-attack range from 0° to 16° in 2° increments. The oscillation tests
were of the free-decay type in which the model was free to oscillate in
yaw under the 1influence of only the aerodynamic forces and the restraint
of the flexure plate. The oscillation was initiated by holding the
model cocked against one of the stops and then suddenly releasing the
model. The movie camera photographed the movement of the pointer at
the rear of the model and the stopwatch so that the period and rate of
decay of the oscillation could be measured. The tests were made in most
cases for angles of attack of 0°, 4°, 8°, and 12° and at a dynamic pres-
sure of 2k.9 pounds per square foot which corresponds tc a Mach number

of 0.15> and a Reynolds number of about 0.92 X 106 based upon the diam-
eter d. In addition to the wind-on tests, wind-off tests also were
made to evaluate the contribution of the flexure to the period and
damping. Most of the tests were made with the back of the model closed
as much as possible,still permitting the model to oscillate about *5°.

The spin-tunnel tests were observation tests. The model was intro-
duced into the vertically rising airstream and the speed of the airstream
varied so that the drag balanced the weight. The resultling behavior of
the free model was observed and photographed by l6-millimeter movie
cameras s¢ that some measure of the amplitude and frequency could be
obtained.

PRESENTATION OF RESULTS

The data for related models are presented together. Thus, the
static test data for models 1, 2, and 3, which are similar except



for flare angle, are presented in figure 6(a). The static-test data
for models 4, 5, 6, and 7, which are similar except for nose shape, are
presented in figure 6(b). The static-test data for models 8, 9, and 10,
which differ only in the flare of the skirt, are presented in figure T7(a).
The static-test data for models 11, 12, and 13, which are odd shapes,
have been grouped together in figure T(b).

The oscillatory damping-in-yaw data ar> presented in a manner simi-
lar to that used for the static-test data. The data for models 1, 2,
and 3 are grouped together in figure 8. The data for models 4, 5, 6,
and 7 are presented in figures 9(a) and (b); the data for models 8, 9,
and 10 are presented in figure 9(c). The dita for the odd models 11,
12, and 13 are presented in figure 10. A comparison of the static-test
values of Cma and oscillatory-test values of Cn* at zero angle of

attack 1s shown in table I.

The data from the spin-tunnel tests ar: presented in table II
together with a damping factor and an estimated frequency computed from
data obtalned from the stability-tunnel tests.

DISCUSSION

Statlic Tests

Examination of the data in figure 6 shows that, if the nose of the
body is rounded, generally there is a positive lift-curve slope which
is comparatively straight, a lower drag coefficient, and a stable
pitching-moment variation.

It should be noted that except for the sphere the differences in
1ift and pitching moment at « = 0° for th: various model configurations
are probably due to some asymmetry of the md>del configuration. For the
sphere, these varlations are probably due t> fluctuations of the separa-
tion points.

Effect of flare angle.- Changing the flare angle of the body
(fig. 6(a)) had only a minor effect on the zeneral characteristics of
a round-nose body. The data do show, howev:r, that increasing the flare
angle was detrimental. The walst modificatlon made to model 2 decreased
the lift-curve slope and pitching-moment sljpe and increased the drag.




For model 3, however, the waist modification increased the 1lift-
curve slope and pitching-moment slope and decreased the drag at low
angles of attack, but at the higher angles of attack these advantages
were abrogated and even reversed.

Effect of nose corner shape.- The data in figure 6(b) show the
drastlc effects that variations in the corner treatment can produce. A
model with a reascnably large radius, model T, exhibited results simi-
lar to the round-nose models. The small-radius models, models 4, 5,
and 6, showed a 1lift slope of opposite sign (negative slope), a large
increase in drag, and a large decrease 1n static stability. The pro-
gressive change from a small positive corner radius to a small negative
corner radius (radii on models 5, 4, and 6) showed progressive adverse
effects.

It should be mentioned that these results are apparently sensitive
to Reynolds number and can be significantly altered by changes in
Reynolds number as indicated in reference 1.

Effect of skirt flare.- The data in figure 7(a) show that increasing
the flare of the skirt generally improved the 1ift and pitching-moment
characteristics. It alsoc tended to decrease the drag at low angles of
attack but increased the drag at higher angles of attack. It 1is
interesting to note that for similar models the 1increase in length of
model 8 over that of model 5 (about 25 percent) resulted in a lower
drag. (Compare figs. 6(b) and 7(a).) Note also that in the case of
model 9, which has the smaller flare, the flare is practically ineffec-
tive at low angles of attack and the lift and pitching moments are
approximately the same as those for model 8 with no flare. At the high
angles of attack, however, the lower portion of the flare becomes effec-
tive; a large positive increment in 1lift and a negative increment in
pltching moment then occur with the result that the data approach those
for model 10.

Additional models.- The data in figure T(b) for the reversed flare
shape (model 11) show variations with angle of attack similar to those
for the flared models (models 1, 2, and 3) although the lift slope, drag,
and statlc stabllity values were lower. It is Interesting to note that
thls was the only configuration tested that had a drag coefficient
lower than that of the sphere (model 12).

The unstable nature of the flow about a sphere (model 12) 1s shown
to some extent by the large difference 1n values for the 1lift and pitching
moments obtalned on two separate occaslons at zero angle of attack.

(See fig. 7(b).) This effect also existed at higher angles of attack
but to a smaller degree because the edge of the truncated sectlon tends
to stabilize the flow at the back of the sphere by fixing separation.



The data for the cone (model 13, fig. 7(b)) exhibited the positive
lift slope, stable pitching moment, and high-drag characteristics usually
expected for a cone.

Oscillation Tests

As mentioned previously, tests were made with the back of the model
both open and closed. A missile nose, however, will have the back closed
in some form, and therefore the more pertinent tests are considered to
be those with the back closed. The back-open results are presented only
to illustrate the effect of some configuration change that was not tested
with the back closed.

Effect of flare angle.- The data in figure 8 for the three models
with the same spherical nose but different flare angles (models 1, 2,
and 3) show that the increase in flare angle tended to decrease the
static directional stability slightly but appreciably increased the
damping in yaw. The effect of increasing the flare angle until the con-
figuration approaches a cone can be surmised from the results of model 13
(fig. 10(a)), which is a cone with a somewhat larger flare angle than
model 3. The data indicate a slight improvement in static stabllity
and a considerable Improvement in damping in yaw.

Two modifications were tested on both models 2 and 3. 1In one case
the models were modifled to have a walst and in the other case, four
tail fins were added. The surprising difference of such similar modifi-
cations to the two models can be seen in figures 8(b) and 8(c). For
model 2 the waist modification decreased the static stability slightly
but increased the damping in yaw. For model 3 the walst modification
decreased the damping in yaw to such a point that the model was dynami-
cally unstable. The tests to find the effect of tail fins were made
with the back of the model open. The addition of four tail fins tended
to increase the static stabllity for both rodels 2 and 3. For model 2
the damping in yaw was increased at low angles of attack; at the higher
angles of attack the damping in yaw was actually decreased. For model 3,
however, the fins appeared generally to have a beneficial effect on the
damping in yaw.

Effect of nose corner shape.- The effect of changes in the nose-
corner configurations, models 4, 5, 6, and 7, is shown in figure 9(a).
The data show that the relatively sharp-corner configurations, models 4,
5, and 6, were for the most part dynamically unstable (negative damping).
Only for the model with an appreciable corner radius, model T, was any
reasonable damping obtalned.

For two of the models, models 4 and 5, some rather sketchy tests
indicated that additions of four tail fins improved the damping
considerably.

LET-1



2V

L-157

Effect of skirt flare.- The data for models 8, 9, and 10 presented
in figure 9(c), show the effect of the skirt flare. The model without
any skirt flare, model 8, was unstable at low angles of attack but
showed good damping at the high angles of attack. Increasing the skirt
flare made the models dynamically unstable.

Additional models.- The data for the odd models, models 11, 12,
and 13, presented in figure 10 show that model 11 was stable with a
small amount of damping whereas model 12 was unstable. Addition of a
band to model 11 increased the directional stability slightly but had
a negligible effect on the damping. Installation of four tail fins,
however, improved the directional stability and damping. Moving the
center of gravity rearward generally had a detrimental effect on the
stability and damping. For model number 12, however, either the addi-
tion of a band, tail fins, or moving the center of gravity rearward
seemed to have a beneficial effect within portions of the angle-of-
attack range.

Comparison of Static Stability Parameter Obtained
From Static and Oscillation Tests

For the bodies of revolution, the statlic stabllity derivatives Cma
and CnW should be the same at zero angle of attack. A comparison of

values of Cma measured durlng the static tests and comparable values
of an measured during the oscillatlon tests 1s shown in table I. It

can be seen that, in general, the oscillatory values of an are some-
what lower than the statlc values of Cma. For the oscillatory cases

marked unstable, the instabllity may be due to negative damping rather
than an unstable value of Cn*-

Comparison of Indicated and Observed Behavior

Before discussing these results, it should be mentioned that the
computed damping factor is limited to a comparatively narrow angle-of-
attack band; thus, only the cases 1in which the model was launched nose
down are comparable. The method of computing the damping factor is
given In the appendix. Comparison of the observed behavior of a model
in the spin tunnel with the expected behavior of the model based upon
the computed damping factor indicates a good qualitative agreement.
(See table II.) When the damping factor was large (about -2.0), good
damping was indicated and the tests for comparable models (models B
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and D) showed no oscillation. When the damping factor was relatively
small (about -1/2 or less), low damping was indicated and the comparable
model (model A) oscillated through an appreciable amplitude or was
unstable. Although the computed damping factor indicated that some
damping existed, these cases apparently are Just marginal and therefore
minor disturbances (for example, those arising from a slightly irregular
or unsteady airstream) could induce an oscillation or even unstable
behavior. For the sphere (models C and 12) hoth the spin- and stability-
tunnel tests Iindicated unstable behavior.

LCT~T

CONCLUDING REMARKS

Some blunt bodies considered suitable for entry into.the earth's
atmosphere were tested by static, oscillatory, and free-body methods
at low speeds to determine the stability of —hese bodies. The results
showed that increasing the flare angle of the body generally increased
the dynamic stability. On a flat-front body. the nose corner shape was
found to have a very important effect upon the stability of the body.
Increasing the corner radius (from a small negative radius to a small
positive radius) tended to increase the static stabllity and an appre-
ciable corner radius was necessary to obtaln reasonable damping. A
comparison of the damping factor and frequency computed by using the
test data with the behavior of the models in the free-body tests indicated
that when the damping factor was low, about .1/2, the behavior of the
configuration was critical and the stabillty would be very sensitive
to disturbances. When, however, the damping factor was relatively
large, about -2, good damping was generally >sbtailned.

The Reynolds number for the tests reporzed herein was very low in
comparison with the actual full-scale values. It 1s recognized there-
fore that there may be an appreciable Reynolis number effect. For those
shapes which have separation on the forward jortion of the body, the
Reynolds number effect may change the nature and amount of reattach-
ment on the rearward portion of the body.

Langley Research Center,
National Aeronautlics and Space Administration,
Langley Field, Va., November 28, 1358.
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APPENDIX
METHOD OF COMPUTING THE DAMPING FACTOR

In order to compute the damping factor, a two-degree-of-freedom
system was considered using the following normal-force and pitching-
moment equations:

For the normal force

. . QA B
mé + mf - v Czaa =0 (A1)

For the pitching moment

2
.. QAd -
Iyd + QAdCpo - S Cmgb = O (A2)

d 2 _4a° . .

If D=L and D° = &~ and if equations (Al) and (A2) are put in
dt dt2

determinant form and then expanded, the following equation results:

2
C d=Cpy
Z
Dg-% @, qD+Q"“d/Q'L\chcm -mCy | =0 (a3)
m 2IY mIY\2v2 a q a
which is of the form
D2+ bD+c =0
and the solution for D is
2
D=-0% (9> -c (AL)
2 2

If we assume that the solution to the original equations (eqs. (Al)
and (A2)) is of the form
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At

a = Age or 6 = Bc,e?‘t

where A, and By are constants depending upon the initial conditions,

it can be shown that the term - from equetion (A4) is the damping

fag\v] [=3

factor in the final solution and that the frequency in radians per second

2
is given by the c - (%) term. The dampirg factor therefore is

QA/CZ d2Cm
Damping factor = 22(—% 4 4 A
ping 2 m 7Ty (A5)
The frequency is given as follows:
2
w =] LR ¢, ¢ L one S Y - (46)
T 2\ m = 2ly

The frequency in cycles per second is

ple

For models A and C used in the spin-tunrel tests, there were com-
parable models for the stabllity-tunnel tests; however, for models B
and D there was no exact counterpart. The stability derivatives there-
fore had to be estimated from the data for tre most nearly representative
shapes. For model B, a combination of data from models 2 and 3 of the
stabllity-tunnel program was used and for mocel D the data from model 2
were used.

Because the spin-tunnel and stability-tinnel tests were not made
with the same center-of-gravity locations, 1t was necessary to correct
the Cma and Cmq measurements to the center-of-gravity location used
in the free-model tests. For conversion of the CmOL term, the following

expression was used:

Ax
C = (C + C — AT
T, ( m“)stab. tunnel Lo g (&7)

LGT-1
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and for conversion for the damping term Cmq the following expression

was used:

2
AX
N oy (&) (48)
g \ mQ)stab. tunnel La d

where the term Ax 1s the distance between the center-of-gravity loca-
tion for the stability-tunnel tests and that for the spin-tunnel tests.

Equation (A8) was used to obtain the appropriate damping coeffi-
cient Cmq to be used in equation (A5) for evaluating the damping factor.
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TABLE I.- COMPARISON OF STATIC TEST VALUES OF Cma WITH

OSCILLATORY TEST VALUES OF cn* AT o = 0O°
Model Cng Cny’
per radian per radian
1 -0.52 -0.38
2 -.33 -.26
2 modified 05 -.23
3 -.40 -.28
3 modified -1.18 Unstable
L 0O | emeee——-
5 o )} mmmmee=e-
6 -.18 1 e
7 -.56 -.43
8 -.13 Unstable
9 -.50 Unstable
10 -1.98 Unstable
11 -.22 -.28
12 _:Ez Unstable
13 -.46 -.30
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Mode !
configuratlon
(see [ig. »)

Avith L= tn. band

A with '.11; - ln. band

2]

TABLE IT.- TEST RESULTS OF ENTRY NOSE SHAPES IN FREE-SPTNNING TIMNNEL AND

Model
weight,
grams

=88.5

588.5

88,5
588.5

HB8.5

-88.5

LB8.S

607

631

172
e

313

313

313

L8
48

L8

78

78

18
78

Center-of-gravily
locatton rearward

from nese,

percent

2t.6

216

¥1.9
41,9

4.9

Th.9
T™.9

48,9

29.9
29.5

29.5
29.5

i

Method of
launching

Released nose down

Tumbling sbout
lateral axis

Released nose down
Released nose up

Released nose down

Released nose up

Tumbling

Released nose down

Released nose

Released nose
Released nose up
Released

nose down

Releaséd nose down

Released nose down

Released nose down

Tumbling abuut
lateral axis

Released ncse up

Released noee duwn

Tumbling about
lateral axis

Released nose up

Nose up with
rotation
applied about
longitudinal
axis

Approximate

rete of

descent ;

ft feec
H1

53

69
5%
8l

68

68

40.0

40.0

Drag
coefficient

:st resulte

Behavior {n descent

Qac tlinted #25°

Cot tinued tumbling

Turtbled
Tur:sled

Turned nose up and oscillated !
*50° to 90 i

Osc 11lated $60° to 90°
Stcpped tumbiing, turned nose
tp, and oscilluted +60°

30

Lo 9

Osc I1lated t19°

| Osc 11lated 140

Not » down, no oscilliation

Twr bled

0Osc 11lated and rotated unt{l
ttarted spimning rapidly
roout a vertical tunnel
1 xis while at 90° angle of
¢ ttack

Tw ned nose up, rotated mbout
ongitudinal axis while
" raveling around periphery
«f tunnel

Ser s as for center-of-gravity
scation at 0.4891

Not = down, no oscillation

Cor tinued tumbling

Fa ling-leaf motion,
csetllated +20° from nose-
1p attitude

Not = down, no cscillation

Cor tinued tumbling

Tur 5led

Twr 5led after spplied
1 station damped out

( OMPUTED DAMPING FACTORS AND FREQUENCY

Oscillation
frequency,

cps

2.0

Computed resulta

Damplng
fucror,

>-.60

-2.52

Unstable

Unstable

Oscillatton
frequency,
cps
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Yawing A{
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¥
ac

Relative
wind

Pitching
moment

Y

Figure 1.- System of axes used. Arrows indicate positive direction of
forces, moments, angles, and angular velocities.
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Flgure 2.- Sketches of models tested in the langley stability tunnel.
Original configurations and modified configurations.
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Figure 2.- Continued.
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Mode! 10
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Model 1/ Model 12 Mode! 13
original original original
1. 75 rodius

prvol

g center

1200 s 6

diam. (——4‘— 30625

i('B.OO dia m."|
@S o

Band modification Bond modification

T

Tail fins Tail fins

y ;

\

5 1%
) s = y
Nose ring 2 —» w96 4-57"‘<
' \r ‘S‘ Nose ) —L
a4

Nose ring 1 8 3 - t& | |5 ring 31
4.68-»

Nose - ring location shown on model with fins for itlustrction atthough
tested individually. Nose rings | and 2 made of I/164n. diameter wire;
nose ring 3 made of [/84n. diameter wire.

Figure 2.- Concluded.

14.75
dram.
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Moade/ / Mode! 2 Moae! 5

Model 2 with waist Modae! 3 with waist

modification moaification

- e B
Moael 2 with fins Model! 3 with fins

1-58-172a
(a) Models 1l, 2, and 3 (original and modified configurations).

Figure 3.- Photographs of the models tested in Langley stability tunnel.
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Mode! 4

Mode/ &

Mode/ 5 Mcde! 6

Moae!/ 9 Moae/ /10

(b) Models 4, 5, 6, 7, 8, 9, and 10.

Figure 3.~ Contiiued.

L-58-173a
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Model !/ Model 12 Model 13

Mode! /! with band Mode! 12 with band

Moae! Il with fins Moae! 12 with fins

L-58-1Tk4a
(¢c) Models 11, 12, and 13 (original and modified configurations).

Flgure 3.- Concluded.



2l

*Touuny Sutuutds-981J 300I-0c KLoTBuw] UT PIISd} STSPOW JO S8YDLSHS = H 2an3Td

O 19pon

g 18pow

0 9°1
gr ol ¢t
Nm.o u.H
N A
Zhto| 2°1
om.o T°1
Lgoy o't
90| 6'0
GL:o| g0
ogo| Lo
gg ol 90
660 G0
£0°1 m.o
01°1 ‘0
€2°1] 2°'0
g2'1] 10
e 1 0
u'kt | wtx

Juaies u
UMOYS 40U £453) U0 ul

Pasn Ofi0 puDQ GOAON pupq UM I PO

e 0092
586"
=7 ,
W21 |
i !
,onm*._ | A — ezl
n l*l —— ;w
£ puog
0486
1
]
— oo
v 12pON
0099
b1
. M__EH
otmlrwn| SiE2—
-8
LOL8G

_l| _,ootw

—




4v

25

LT~

*$1§97 UOT}BTTTOSO

uo|Ad

yoiom doyg

DIBWDY e

J0J Touuny K11T7IqBas LarBuel ul peasn dnjag =+¢ 2iIn3TJg

JETUoM



26

) &

o,uaae// 0 Model 2 Mode! 2 A pMoge) 3 N Moder 3
_T — __rmodified . modified
INERE {-++4
ﬁ BengpeEman i
c :_ D
m JOT3 35%;: L T s T
y P L T :
i r ! s ! '-": : 4
2L L Raa A R
yuiths T 4 ;
o P e
[ S L, H : L )
& I+ = TTTELLE ‘F.:...a?-—e =TT B
L »»—r?’isf"_p,
ZkTY |
0:7’ T s ] T -
F“““fj T B
S :
-2L;J~ L bl L it
6 fr T T T
PRl ;
»fa P T BT s O ff'_:&“
G 2 g !, .= - s —r—t TR
| et T ] :
or : 3 T ~ 45 r
fimiii |
-2 e e d -
SESRREDESSRAENENRE Ol B sl
L T NERE T
gl il A___L‘_,J{ R B } . SR RARE
o 2z 6 8 10 12 14 6

Angle of attack, CC, deg

(a) Variation of Cr» Cp, and Cp

with « for models 1, 2,
and 3, and waist modifica-
tions on models 2 and 3.

g o

O Modkl 4 U Model 5 <> Mookl 6
4/ ‘ ] -
T T
jpessmEEy 1_,2F=_ BT
o SHARELERE P 5
o T e
-7 1 - Y,

N ; T
L2t '”i i [
67T T I
19T :

T

I
1)
2}

R

4q &

8 10
Angle o aftack, (C, deg

2

16

(b) Variation of Cr» Cp, and Cpy

with o for models 4, 5, 6,

ard 7.

Figure 6.- Variation of 1lift, drag, and pltching-moment coefficient with
angle of attack, obtained from the static t=sts for models 1 to T.



27

| R L O <

U Mode/ 8 T Modk! 9 < Moge/ 0 O Mode/ I/ © Model 12 O Moder 13
AT T T T T T T 771
= ol T T S EnEE
e e BAGRSY dnur 12=r BT 22 iERLSHE
1\ SN p . | dd- |
=/ =
Cn N : i
2r SaSeeaisiay -
.3 -ld '
-4
6 : : ' AT
14 »
1T g 1 R
2 1 ,@Mf=v£—
o ,()" - )-'7‘_ H N @,———r—u
tp & PraEesd T
8 geas
o .
4-
2k
0 i
) 6 TH
o R§PSEe umap st =t 1y
q 2t e - a:
Jut c=Srg T BN o
2 F g
T T TR ;) ' P F
R R e o B > 202 4 6 8 o iz 14 16
Angle of attack, OC, deg Angle of attack, OC, deg
(a) Variation of Cp, Cp, and Cp (b) Variation of Cy, Cp, and Cp
with o for models 8, 9, with o for models 11, 12,
and 10. and 15. Flagged symbols
indicate duplication of an
original test.
v Figure T.- Variation of lift, drag, and pitching-moment coefficient with

angle of attack, obtained from static tests for models 8 to 13.



28

b A E ]

[ I

i nd B

HLh I
L]

A 3
<& Mode! 3 %/ﬂ g

o

modified

0
N

O Model 2 T Mookl 2

7

EEEL ano TR
EEEE- ZESEE]

O Mode/ 2 <O Model 3

Eﬁ
|
LT
5
[Hge
i
~
3 “%
R g\i
= 1] lli
] W iﬁi i Hﬂﬂﬂ!ﬁlflﬁﬂm
o § nlﬁ?ﬂﬂ! hlﬁ R fﬁ‘iiﬁl
fan ili:ﬁ 4B 5RO A
[ m auNuﬁ ME"W ki
Al El L1t
[0 ARl o
Il il
o

Back closed.

Center of gravity at 0.3341.

(a) Data for models 1, 2, and 3.

II lhlll HE" "I

it

MI!IIIR!!!?I')I!Ilﬂlllﬂlﬂllﬁﬂ!ﬂllﬂ‘IIHIH [
AT e [
i 121 o o

14 Al L]
mmmmm mmmﬁwmmmm
AR mmsmmmmmummmm lllIlI
A0 S AR T R R KA L Wt
e mmummmmummmmmnnnmmmumﬁ
ﬂilllllﬁilmll I8l @ wwmmmmﬂm AN AR
mmmﬂlmmmmnun lIIIﬂlIII HIIHIM
A1l B Hﬂ

IIIIIIHIIII! IIHiHI ‘KHIIIE mﬁn@mmmm

M43 A 2 I R
rﬁlihﬂlfﬁiltlﬂﬂlllﬂl ) R SR R il
SRR 11" 1SR rMIHilII mn IIIH IIIHII

i ﬂlﬂlul'Hillmiﬂll

i Mg lﬁl!!l!llliillllll i
SR
I nnnmu."mmnmmmmn.x i

Iﬂ il
il AR i s
i IIUI!I]IHIII}HIIEl T S
A A et

"IlllIlﬂi\IllillllllHilLHillmlﬂlﬂHb{‘*l HNWHEWIRH
HIIIMIH \llilllllilllll!llilHIIIHIMI It Uli
A

i AR \lllmll ll
twmm%mmﬂﬁwwmm
A il

1
IMIMHI HIIIEII[

AT ©

A SIHBIE H e

Ll

il 4
Alid

e[
fiE itk

1
i R

S
muminumsunmmi

R

il
£

I Mool 3

O Model 2

B
5
1]
— @
(]
g )
Q
H
o]
o
o &
Q
a P
@ o q
7 &
i 8
£
ow .
§ 4w
5§ A O
> 88
3 EHH
T O, °
n M
a0
&~
=+
& M
O+
N\ e
S ©
U g
oS d
&y
[£3]
~~
ffo)
g

sll i Sl
AR Hlﬂl R
T
Iy

T A
-ﬂmmnﬂm§
i RS

(c) Effect of tail fins on models 2 and 3.

e}
)
5
@
b
1}
Gy
o
1 9]
Q
P
=
(]
O
&~
B
o N
M O
[}
Q +
m a

Figure 8.- Variation of static stability and damping derivatives with angle of attack, obtained

from oscillation tests for models 1, 2, and 3.



29

*OT 03 % STOPOW JIOJ S3S93 UOTRBTTIOSO WOLY

pauTslqo ‘30Bv314® JO OTBuB YITH SoATyBATISP Butdwep pus AJTTTQLIS O12183S JO UOIBIIBA -6 oanBTJ

*1L92°0 3® £31ABI3

Jo aaqua)
‘6 ‘Q SToPORW

Bap "0 “yoous0 o oy

*PIsSOTO ¥osg
*9J®TI 3IATAS JO 199137 (9)

"OT pus

s Y

g

1, \@

4

*1H¢E 0 3B A3TABIB JOo J9qus) ‘uado £q1AB38 JO J93U8)

*PasoTo Ioed
*SNTPBA ISULOD 9SOU JO 3093FH (B)

"1HEE"O 38
"L o3

¥oBYy * m pus +~ ST9powWw U0 SUuty JO 308JJ¥ Apv : STSPONW
bap ' ‘yacii0 o sy 21
al__ 0 y 2 0 _ 2%
T H =
Bk ERNE 8-
A% SR Ei i S e
X = = -
AE R 4
+ + E==aR Al
- i - AR ARMIRE R 7 o
i N 0 et 2 R
s gy SUY JrOYM Ul YIm suy jroy)m
SRON v SRIOW O p MWD BN O
- VJ 8-
ERE
N T I [ &
"’M T 0 \nU 14 A@
S I f
: # 1,

]
*

Let-T



30

da=.L ) {

*¢T 03 TT STOPOW JOJ £1S87 UOTABLTIOSO WOIJ
pauTBIqO ‘YO®I3® JO O9T3UB UM SoATyBATISp Burdmep pus L3TTTABIS OT3BAS JO UOTABTIBA =-°OT oamBTJd

*1.82°0 38

£9148BI8 JO g9qua)y cuado
*2T puB [T [epom UO JUTI SSOU JO
bao 'p .«w&é ra a&eﬂ

a 2
¥ ZHE TQ =202

2! o
i3

fi

T
S
T

ot dda ! = ;
o NG SN N U E RN T WRE

s P 9 Y 0 N S 9 _hl
(81q0;5un) D 604 2 o8 Y1 ] [HOW

Buis SSOUE gt M Bt 3SOU [ YjiM

1 1P 1RO D[] PO O

o4

e

+ T +

Joeg
303334 (P)

*PS3BOTPUT
s® 3dsoxa 7,92°0 48 £31ABI8 JO I83US)

‘uado Hoeg

*TT TSPOW UO UOT3BOTITPOW
puB UOT3BOOT £3TABIS-JO-I97Us0 JOo 30933F (Q)

T e
B tesE e
: J
5 Tt s
gEssssiam -
2950 = B P yim 50 [i0] G =0
A 11 RO 1{ M0 O /[ RO -
B NS NS oo
— _ I~ |8
: MEENIERS o ns sni
t T i AT
B s,
s 0
t
; - :
1 P

‘PO}BOTPUT

sv 1da0x%s 7),g2'0 18 £37ABI3 JO I35qu3)

*uado oBg °ZT [OpPOW U0 UOT}BOTJIIpPOW
puUB UOT1IBOOT AQTABIZ-JO-I93UBD JO 30933F on

v D YXUI0 JO AW
&

a1 s;w:w i
HR R
E _,« ")
ni o
4+
5
. ohn
Tiae L e .
CT RO v 2 KOO O 2] POW T 21 1
—~ P
—e — e \Wov‘ o
e N »
T3 . TR TEFEEFT 6
8 SE NN B! WEREIMERASLL 5% by
EB8 caReBRaETORSL: [BRREAL: <h
s EEBL menw peaueN L
e 4 e .,
T o] i
Seeisal
m_z M.Wli
I 11 1 rIv

*¢T Tepom J0J

19GH°0 3B PUB ZT PuB T[ STSPOW J0J

1.g2°0 1® R1TABIT JO a93us) *PISOTO
yoBg *¢T Puw ‘2T ‘IT STepow I0J ejeq (=)

1 s ssliy
LA
s TE z2am
. - - 2 &=
: )
et H #
i 183 B o
qosury
£1 190 2/ 1w 11 /90O~
D o O
A
T (= e s aev ARy S wwnsnle
j= P A IO S IR I A Y .
H o o™
S N N v v DY Ep A
T TR
1 5

NASA - Langley Field. Va L-157



